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Background: In response to the ongoing epidemic of coronavirus disease 2019 (COVID-19), China has 
carried out restrictive disease containment measures across the country.
Methods: In this cross-sectional study, we collected demographic and epidemiological data of 376 
laboratory-confirmed cases of COVID-19 among children younger than 18 years of age. Using descriptive 
statistics and odds ratios, we described the odds of exposure outside the family after the implementation of 
control measures compared to before. 
Results: Children diagnosed on or after February 4, 2020, had a lower odds of exposure to COVID-19 
outside of the family compared to those diagnosed before February 3, 2020 (OR =0.594, 95% CI: 0.391 to 
0.904). In the stratified analysis, children aged 0 to 5 years had the lowest odds of exposure outside of the 
family (OR =0.420, 95% CI: 0.196 to 0.904) compared to the other age groups assessed.
Conclusions: Our study on the children infected with COVID-19 as well as their exposure within family 
provided evidence that the implementation of containment measures was effective in reducing the odds 
of exposure outside of the family, especially for preschool children. Continuation of these efforts, coupled 
with tailored prevention and health education messaging for younger aged children, may help to reduce the 
transmission of COVID-19 among children until other therapeutic interventions or vaccines are available.
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Introduction
An ongoing epidemic of coronavirus disease 2019 
(COVID-19), caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), has spread 
throughout China and across the globe since December 
2019 (1). As this a novel virus, no specific therapeutics or 
vaccines are yet available to prevent and treat COVID-19. 
Additionally, the beginning of the outbreak in China 
began immediately before Chinese Lunar New Year 
holiday, which often experiences substantial population 
movement, leading to an increased risk of transmission 
of the disease. Thus, the Chinese government needed to 
quickly implement unprecedented, large-scale containment 
measures (2). In the initial months of the epidemic, the 
government implemented strict travel bans and social 
distancing techniques, such as school closures, suspension of 
public markets, cancellation of public gatherings, working 
from home, and locking down entire cities or areas (3). 
Combining all these non-pharmaceutical public health 
interventions, China succeeded in curb outbreak trend 
of COVID-19. However, keeping a massive population 
sheltering in house may simultaneously elicit the risk of 
family exposure. A large number of clinical case reports 
indicate that alongside the implementation of containment 
measures, there have been increasing reports of familial 
clusters of COVID-19 infections, especially among 
children (4-7). In light of a retrospective study with 44,672 
confirmed cases of COVID-19 in China, the proportion 
of confirmed case was 0.9% and 1.2% for the age group 
of 0–9 and 10–19 years, respectively. However, another 
retrospective study including 2,143 pediatric patients with 
COVID-19 reported to the Chinese Center for Disease 
Control and Prevention from Jan 16 to Feb 8 in China 
demonstrated that 5.6% of 2,143 children had severe 
disease while 0.6% children developed respiratory or multi-
organ failure or acute respiratory distress syndrome (ARDS), 
and revealed that young children, particularly infants, were 
vulnerable to SARS-CoV-2 infection (8). Thus, in this study, 
we described the epidemiologic and demographic features 
of COVID-19 patients under 18 years of age and evaluated 
the effects of containment measures on family exposure 
of COVID-19 infection among children of different age 
groups outside Hubei in China. We present the following 




The ethical approval or individual consent was not 
applicable. Data were analyzed at aggregate level and no 
participants were contacted. The study was performed in 
accordance with the Declaration of Helsinki (2013 revision). 
We collected data of reported confirmed COVID-19 
patients under 18 years of age before Feb 14, 2020. The 
data on the number of COVID-19 diagnosed patients 
under 18 years of age were extracted from the official 
websites of China Health Commission, provincial and 
municipal Health Commissions from 30 provinces outside 
Hubei in mainland China, together with Hong Kong and 
Macao Special Administrative Regions. We excluded Hubei 
province because it has been sited that laboratory confirmed 
cases might have potentially been underreported due to 
the overloaded healthcare system in the region (9). We 
also collected individual records on reported confirmed 
COVID-19 cases, including demographic characteristics, 
exposure and travel history to Hubei, and key timelines, 
such as date of symptom onset and exposure timeline. Cases 
with incomplete data were excluded. 
Confirmed patients were defined according to the 
Diagnosis and Treatment Guidelines for Novel Coronavirus 
Pneumonia (temporary 5th edition) by the National Health 
Commission of China (10). According to the definition, 
a confirmed case is an individual who fulfils the criteria 
of a suspected case based on a comprehensive analysis of 
epidemiological history and clinical manifestations, and 
has one of the following types of pathogenic evidence: (I) 
positive real-time fluorescent polymerase chain reaction 
(PCR) of respiratory specimens or blood specimens for 
the detection of novel coronavirus nucleic acid; or (II) 
respiratory specimens or blood specimens for viral gene 
sequencing, which are highly homologous with known novel 
coronaviruses. No personal identifying information were 
reported in the data, and informed consent was waived. 
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An imported case was defined as a patient who travelled to 
the region after being exposed to an infection in a different 
region. History of travel to Hubei was defined as a non-
Hubei habitual resident having travelled or temporarily 
lived in Hubei before the onset of illness within 14 days. 
History of exposure within the family was defined as more 
than one confirmed case of COVID-19 among family 
members. Since the outbreak happened during the Chinese 
Lunar New Year holiday, which is culturally the largest and 
most important holiday of the year, family members were 
defined as not only the people living in the same household 
with the children, but also relatives that may have had 
contact with the children. 
Statistical analysis
Descriptive statistics, including mean and standard deviation 
(SD), were calculated for continuous variables, median, and 
interquartile ranges (IQR) for categorical variables. Chi-
square test was applied to estimate the association between 
categorical variables and age groups. Histograms were 
constructed to describe the key time-to-event distributions, 
and mosaic plots were used to visualize the relationships 
among habitual residence, the history of exposure within a 
family, and the history of regional exposure. 
On Jan 20, 2020, China officially confirmed that SARS-
CoV-2 could be transmitted from human-to-human and 
COVID-19 was included in the statutory report of Class B 
infectious diseases and border health quarantine infectious 
diseases, which marked the transition from the initial partial 
control approach in Wuhan, Hubei to the comprehensive 
nationwide adoption of various containment measures in 
accordance with the law. We used the date of Feb 3, 2020, 
which is 14 days (considered as the maximum incubation 
period) after the incorporation of COVID-19 into class 
B infectious diseases of the law of the People’s Republic 
of China on the Prevention and Treatment of Infectious 
Diseases and national wide preventive and control measures 
were implemented, to divide the epidemic into two time 
periods. The first period ran from Jan 11 to Feb 3, and the 
second period ran from Feb 4 to Feb 14. We present the 
results as odds ratios for all children, and for subgroups 
of children, categorized as those aged 0–5, 6–11, and 
12–17 years old, which represented preschool children, 
schoolchildren, and middle school students respectively.
All data analysis was conducted using R version 3.6.1 (11). 
The study was reported in accordance with the STrengthening 
the Reporting of OBservational studies in Epidemiology 
(STROBE) recommendations.
Results
The first child confirmed COVID-19 outside Hubei was 
diagnosed in Guangdong province on Jan 20, 2020. We 
collected data from 376 confirmed COVID-19 infections 
among children from 149 cities in 26 provinces and regions 
outside Hubei, reported from Jan 20 to Feb 13, 2020 (Figure 1). 
Of them, 117 (31.1%) were aged 0 to 5 years old, 130 
(34.6%) 6 to 11 years old, and 129 (34.3%) 12 to 17 years 
old. Among all the children, 204 (54.7%) were male and 169 
(45.3%) were female. The proportion of girls was higher 
than boys in pre-school aged children (aged 0 to 5 years), 
but lower among school-age children (Table 1). Ninety-
seven (25.8%) children were habitual residents of Hubei 
and were temporarily visiting or living in another region at 
the time of diagnosis. The proportion of Hubei residents 
was slightly lower in children aged 12–17 than in the other 
age groups.
The median duration from illness onset to first health 
facility visit was 0.5 day (IQR: 0–2), and the median duration 
from first health facility visit to diagnosis was 2 days 
(IQR: 1–3). The median number of days from illness onset 
to diagnosis was 3 days (IQR: 2–5) (Figure 2). Of the 376 
children, 205 (54.5%) had a history of exposure in Hubei, 
and 156 (41.5%) were locally infected. Only 15 (4%) 
children with COVID-19 were exposed in regions other 
than Hubei or the region of diagnosis. Only 13 children 
had both the exact time of exposure and the time of illness 
onset, with a median incubation period of 11 (IQR: 7–13) 
days. The duration from the end of exposure to illness onset 
could be calculated for 87 children (median 7 days, IQR: 
4–11), while the duration from the exposure onset to illness 
onset for 40 children was reported (median 13 days, IQR: 
9–19) (Figure 3). A total of 233 (62.0%) children reported 
family exposure. The remaining 143 (38.0%) children were 
the first infected individuals among their family members.
Figure 4 shows the mosaic plots of the relationship 
between habitual residence, the history of family exposure, 
and the region of exposure (Figure 4). For each mosaic 
plot, the right-hand side represents children originally 
from Hubei who was diagnosed with COVID-19 in other 
regions. The top-left cells represent non-Hubei resident 
children who were exposed in Hubei and later diagnosed 
with COVID-19 after leaving Hubei (i.e., imported cases 
from Hubei). The middle-left cells represent locally 
infected children, and bottom-left cells children exposed in 
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other regions than Hubei or the region of diagnosis. From 
the comparison of the two mosaic plots, it can be seen that 
in period 2, the proportion of imported cases from Hubei 
decreased, while the proportion of confirmed cases who 
were exposed via a family member increased. The Mosaic 
plots proved that the restriction policy was able to control 
the epidemic and to reduce the outside-family infections 
rate of children.
We found that children diagnosed during the first period 
had lower odds of exposure outside of the family than those 
diagnosed in the second period [odds ratio (OR) =0.594, 
95% confidence interval (CI): 0.391, 0.904]. The same 
trend was seen in the sub-group analyses of the three age 
groups. The OR of exposure outside of the family was 
lowest among the children who were exposed in Hubei and 
were aged 0 to 5 years old (0.234, 95% CI: 0.082, 0.720) 
(Table 2).
Discussion
Our research reveals that children of different age group 
and gender are all susceptible to SARS-CoV-2. However, it 
seems there is a slight difference in the constituent ratio of 
boys and girls (54.7% vs. 45.3%) outside Hubei, which are 
consistent with the findings (56.6% vs. 43.4%) in mainland 
China (12). Although the COVID-19 appears to be a 
disease that predominantly affects the elderly people, more 
and more child’s COVID-19 cases reported in the various 
province in mainland China after the first case diagnosed 
outside Hubei on January 20, and eventually changed 
the preliminary opinion that children were insusceptible 
to SARS-CoV-2. The results of an epidemiological 
investigation in Guangdong province showed that children 
appeared to be as susceptible as adults to SARS-CoV-2, 
as well as researches improved that the younger people 
seemed to be inclined to be asymptomatic (13). Therefore, 
COVID-19 among children may be underestimated. 
Actually there have been far more COVID-19 confirmed 
cases in children (965 under 20 years old, reported until 
Feb 11, 2020), compared with confirmed Severe Acute 
Respiratory Syndrome (SARS) and Middle East Respiratory 
Syndrome (MERS) cases in children (14-16). Considering 
the unavailability of specific effective antiviral therapies or 
vaccine for the disease, COVID-19 among children should 
still be highly concerned. In response to the previously 
unknown novel coronavirus, China has carried out 
ambitious and aggressive disease containment measures, 
such as treating confirmed cases with symptomatic support, 





χ2 P0 to 5 years 
(n=117, 31.1%)
6 to 11 years 
(n=130, 34.6%)
12 to 17 years 
(n=129, 34.3%)
Gender$ 3.178 0.204
Female 169 (45.3) 60 (52.2) 54 (41.9) 55 (42.6)
Male 204 (54.7) 55 (47.8) 75 (58.1) 74 (57.4)
Habitual residence 2.826 0.243
Hubei 97 (25.8) 31 (26.5) 39 (30.0) 27 (20.9)
Outside of Hubei 279 (74.2) 86 (73.5) 91 (70.0) 102 (79.1)
Region of exposure 2.895 0.576
Locally infected 156 (41.5) 51 (43.6) 50 (38.5) 55 (42.6)
Imported from Hubei 205 (54.5) 64 (54.7) 73 (56.2) 68 (52.7)
Imported from other regions 15 (4.0) 2 (1.7) 7 (5.4) 6 (4.7)
History of family exposure 3.889 0.143
Yes 233 (62.0) 73 (62.4) 88 (67.7) 72 (55.8)
No 143 (38.0) 44 (37.6) 42 (32.3) 57 (44.2)
$Data regarding gender were missing for 3 patients.
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quarantining close contacts, putting travelers from Hubei 
under medical observation, and extending the RT-PCR 
test. Additionally, the government extended both the 
Chinese Lunar New Year holiday and winter vacation, 
and implemented traffic and travel restrictions to control 
transportation capacity in order to limit population 
movements (17). As the Figure 1 shows, the number of cases 
aged 17 years and below had been peaked on Feb 5 and then 
declined since Feb 6, 14 days after the lockdown of Wuhan 
city, epicenter of China.
In age stratified analysis, the number of confirmed cases 
exposed outside family decreased among all age groups 
after Feb 4, 2020, despite the increasing number of total 
confirmed cases (Table 2), which suggests that containment 
Figure 2 Key time-to-event distributions. (A) The duration from illness onset to first health facility visit; (B) the duration from first health 
facility visit to diagnosis; (C) the duration from illness onset to diagnosis.
Figure 3 Reported incubation period from children under 18 years old with COVID-19 diagnosed outside of Hubei, China. Maximum 
period is calculated from the start of exposure, and minimum period from the end of exposure.
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measures have reduced the risk of exposure outside family 
for children from all age groups. The children aged 0 to 
5 years had the lowest odds of being exposed outside of the 
family (OR =0.420, 95% CI: 0.196 to 0.904) compared to 
the other age groups, which indicated that the containment 
measures were more effective for preschool children who 
had less active social life than school-age children. Of all 
confirmed cases with a history of exposure within family, 
however, only confirmed cases among children aged 12 
to 17 years decreased. In light of the report presented by 
Chinese Center for Disease Control and Prevention, the 
considerable transmission of COVID-19 was occurring 
among close contacts, and 64% of clusters documented 
have been within familial households (18). Household 
transmission remains a key route of transmission for 
children, most of whom were infected by adults or family 
members (19). In China, children aged 0 to 5 years old 
usually spend almost all of their time with their family 
members; therefore, exposure within family would not 
be greatly affected by containment measures, but might 
increase due to the gathering of family members during 
the Spring Festival. Children aged 6 to 11 years old also 
spent most of their time staying at home or visiting relatives 
and friends because of the Spring Festival and winter 
vacation. However, children aged 12 to 17 years old who 
were reportedly at lower odds of exposure within the family 
might be related to better compliance and effectiveness of 
prevention measures, such as wearing a mask and washing 
their hands. As the containment measures might reduce 
outside exposures and simultaneously increase infections 
within family. The negative impact of the restrictive policy 
on children was to increase the risk of infection within the 
family. Therefore, we recommend that policy makers should 
take the family clusters infected children into account 
and promote sanitation and hygiene practices to protect 
children, especially the younger ones from infection. 
We also found the average time from the onset of illness 
to the first visit to a medical institution was 0.5 days which 
shown Chinese parents respond so quickly to symptoms in 
their children. First, during the early phase of COVID-19 
epidemic, there were enough medical resources in non-
Hubei area of mainland China, which could provide timely 
Figure 4 Mosaic plots of family exposure history, region of exposure and habitual residence in confirmed cases under 18 years of age in 
China outside of Hubei in period 1 (A) and period 2 (B). Grey cells represent exposure within family, dark blue cells represent exposure 
outside family. Horizontal axis represents the region of habitual residence (right: Hubei; left: other regions outside of Hubei in mainland 
China). Vertical axis represents the region of exposure (up: imported from Hubei; middle: locally infected; bottom: imported from other 
regions.
Before 3rd February, 2020 On/after 4th February, 2020
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medical test and treatment to the public. Second, China's 
prevention and control policy required close contacts of 
confirmed cases to be quarantined immediately for medical 
observation, so children who developed symptoms during 
quarantine were able to seek medical attention immediately. 
Third, in the health concept of Chinese families, parents 
pay more attention to their children’s health than to 
themselves, especially during the special period of the 
epidemic. Even if the symptoms of children infected with 
COVID-19 were less obvious than those in adults, parents 
would still remain highly vigilant and seek medical attention 
quickly.
In this study, slightly over half of the cases in children 
were exposed in Hubei, and about one-quarter of the 
children diagnosed were Hubei residents temporarily 
travelling or living in other regions. Compared the 
proportions of confirmed cases with different regional 
exposures of two periods, we believe that the containment 
measures adopted in various places are effective in reducing 
the exposure of children to COVID-19 outside their 
families and have played a significant role in preventing the 
spread of SARS-nCoV-2, especially considering the large-
scale population movement during the Chinese Lunar New 
Year holiday and the epicenter of Wuhan, which is one of 
the four major railway transportation hubs in China. The 
effect was particularly clear among imported cases from 
Hubei, which may have been impacted by the control 
measures taken by various regions, such as the policy of 
quarantining all the people with history of exposure in 
Hubei, thus increasing the detection rate of children who 
were asymptomatic or mild. However, the odds of children 
exposed locally did not differ between the two time periods, 
indicating that containment measures may not have an 
effect on decreasing locally transmitted cases. 
At the early stage of the outbreak, there were various 
factors affecting the development of ongoing epidemic and 
the effects of the prevention and control measures. Through 
a special view of certain age groups in different regions, our 
study provided a new approach to reduce the influence of 
confounders in research and to assess the effectiveness of 
the implementation of disease prevention a control policy. 
Our study has some limitations. First, this is a cross-
sectional study, the causality could not be assessed. 
Additionally, the data used was from publicly available 
reports and had incomplete epidemiological history 
information. Therefore, we excluded these cases from 
certain regions, such as in Beijing. Our findings may 
not be generalizable to the whole country and may also 
underestimate the effect of exposure within family. Second, 
our study shows that the incubation period of COVID-19 
for children is longer than the general population (20-22). 
The incubation period was estimated in only 113 children 
with documented information, though the smaller sample 
size might have inevitably affected this estimate. Third, 
the limited information of confirmed cases in children also 
limited the ability to do more detailed, stratified analyses 
to evaluate the effect of containment measures in other 
aspects. A continuation of data collection and analysis are 
necessary to further bolster the findings of this study.
Conclusions
Our study on the children infected with COVID-19 as 
well as their exposure within family provide evidence 
that the implementation of containment measures was 
effective in reducing the odds of exposure outside of the 
family, especially for preschool children. Continuation of 
these efforts, coupled with tailored prevention and health 
education messaging for younger aged children, may help to 
reduce the transmission of COVID-19 among children until 
other therapeutic interventions or vaccines are available.
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